Introduction
The safe and efficient hydrogen storage is a major barrier to the use of hydrogen as a transportation fuel. Intensive efforts in recent years have been focused on boron hydrides such as metal borohydrides (Mg(BH 4 ) 2 , 1 NaBH 4 2 ) and amine boranes (NH 3 B 3 H 7 , 3 NH 3 BH 3 4 ) for hydrogen storage due to their high hydrogen contents. Various catalysts have been investigated to improve hydrogen release from these materials through either thermal decomposition or hydrolysis. However, none of these materials under investigation meets the multiple targets set forth by the US Department of Energy (DOE).
The great variety and distinct properties of boron compounds prompt us to search for a compound that could satisfy the requirements for hydrogen storage. In order to obtain a high hydrogen capacity, it is essential to find a suitable combination of light-weight cation and H-rich B m H n anion. High number of m in B m H n leads to a lower hydrogen content and also greater stability of the boron cluster. 5 Ammonium octahydrotriborate, NH 4 B 3 H 8 , has a high hydrogen content of 20.5 wt %. Unfortunately, the first synthesis reported 40 years ago involves pentaborane, B 5 H 9 , which is highly volatile and inflames violently upon contact with air. 6a,b There are two pentaborane-free patents, but the procedures are complicated and require intermediate compounds and large amounts of solvents. 6c,d Probably due to the lack of suitable syntheses, there have been little explorations of its reactivities and properties in 40 years. Here we report (1) a simple and efficient synthesis of this compound; (2) a crystallographic study of the structure; (3) thermal decomposition; and (4) interesting hydrogen release properties through hydrolysis.
Experimental Section
General Procedures. All manipulations were carried out on a high-vacuum line or in a glove box filled with high purity nitrogen. Solvents were dried over sodium/benzophenone and freshly distilled prior to use. Ammonia (Matheson) was distilled from sodium immediately prior to use. NMR spectra were obtained on a Bruker Avance DPX 250 NMR. 11 B NMR spectra were obtained at 80. X-ray single crystal diffraction data were collected on a Nonius Kappa CCD diffractometer which employs graphite-monochromated Mo Kα radiation (λ=0.71073 Å). Due to the sensitivity of the compound, single crystals were picked up from the mother solution in a nitrogen filled glove box and stored in Fomblin oil until data collection. A single crystal coated with Fomblin oil was mounted on the tip of a glass fiber. Unit cell parameters were obtained by indexing the peaks in the first 10 frames and refined by employing the whole data set. All frames were integrated and corrected for Lorentz and polarization effects using the DENZO-SMN package. 8 Absorption correction for the structure was accounted for by using SCALEPACK. 8 The structure was solved by direct method using the SHELXTL-97 (full-matrix least-squares refinements) structure solution package. 9 All nonhydrogen atoms were located and refined anisotropically. Hydrogen atoms on boron and nitrogen atoms were located and refined isotropically, and other hydrogen atom positions were calculated by assuming standard geometries. decomposition products were semi-quantified through a calibrated vacuum line. After freezing out the gaseous products at -196 °C, hydrogen content was determined; after removing hydrogen and then raising the temperature to -78 °C, diborane was quantified; the residual product, pentaborane and borazine, were analyzed after diborane was removed and temperature was raised to ~25 °C.
Thermal decomposition studies
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Hydrolytic H 2 release Measurements
In a two-neck flask connected to a vacuum line, 1 mmol NH 4 B 3 H 8 was mixed with 0.04 mmol CoCl 2 .
After evacuating all the gases via dynamic vacuum, the flask was sealed and 18 mmol water was injected. After the reaction completion, the flask was opened to a vacuum line, and the evolved gas passed through a liquid nitrogen trap in order to isolate any non-hydrogen products, including water.
The hydrogen was then quantitatively measured using a Toepler pump. About 8.80 mmol H 2 was obtained through the reaction.
For catalyst screening, a gas buret was set up to measure the amount of H 2 gas and to determine the rates of H 2 release. 
Results and Discussions
This reaction proceeds rapidly and the desired product can be efficiently extracted using THF after removing the liquid ammonia. Furthermore, the yield is ~95 %, higher than 79.5 % reported for the previous methods.
which eliminates the use of dangerous starting materials such as B 2 H 6 and BF 3 11 and enables a high yield.
Therefore, a large-scale and simple synthesis of NH 4 B 3 H 8 is now possible.
The metathesis reaction has also been explored in several other solvents and it was found that the solvent had an influence on the course of the reaction. In addition to NH 4 B 3 H 8 , NH 3 B 3 H 7 and other boron compounds were also observed for the reaction in THF and DME, with the latter resulting in more NH 3 B 3 H 7 . The successful synthesis in liquid ammonia is corroborated by NMR spectrum (Figure 1 grey.
The molecular structure of NH 4 B 3 H 8 ⋅18-crown-6⋅THF adduct is illustrated in Figure 3 . Ammonium cation has been reported to connect to crown ether by three N−H···O hydrogen bonds between the hydrogen atoms of the ammonium and the oxygen atoms of the crown ether. 16 We likewise found similar interaction present in NH 4 B 3 H 8 ⋅18-crown-6⋅THF adduct. There is another independent fragment in the asymmetric unit, very similar to the one shown in Figure 3 . THF molecule is packed into the structure with no interactions with other moieties. The average N−O distance is 2.94 Å, longer than the standard N−O hydrogen bond length (2.87 Å).
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The hydrogen atom on nitrogen that is not involved in bonding to an oxygen atom interacts with three terminal hydrogen atoms on the boron triangle, with the In addition, unlike NaBH 4 , which is stable only in strong alkaline solutions, concentration, i.e., 2 M, 11 B NMR studies show that more than 50 percent of NaBH 4 decomposed over a day, while less than 10 percent of NH 4 B 3 H 8 decomposed over a week. Hydrolytic studies have shown that upon adding catalysts NH 4 B 3 H 8 rapidly releases pure H 2 (Figure 6 ).
For an aqueous solution with a 1:18 molar ratio of NH 4 B 3 H 8 to H 2 O, which represents a material density of 4.6 wt % H, the commercially available 10 wt % Pt/C catalyst (1 mol % Pt) shows the best catalytic activity, with complete hydrolysis in less than 30 min. RuCl 3 also displayed excellent catalytic activity, and this is likely associated with the in-situ formation of Ru (0) as found during the hydrolysis of NaBH 4 2 . NiCl 2 is less effective and the full hydrolysis requried ~200 min.
The "BO 2¯" product shown in eq 2 is only a hypothetical formulation, with the actual borate products of these reactions depending upon the final solution concentration and pH. When an aqueous solution with 1:10 molar ratio of NH 4 B 3 H 8 to H 2 O was subject to hydrolysis catalyzed by 4 mol % of CoCl 2 , full hydrolysis was achieved in ~200 min, which corresponds to a production of 7.5 wt % H. US DOE recently modified vehicular hydrogen storage targets to 4.5 wt % by 2010, 5.5 wt % by 2015 and 7.5 wt % for the ultimate. Calculations of the standard heat of hydrolysis from the standard enthalpies of formation indicate that H 2 release from NH 4 B 3 H 8 is muh less exothermic (5.43 kcal/mol H 2 , Supporting information) than from either NaBH 4 (14.9 kcal/mol H 2 ), NH 3 BH 3 (12.7 kcal/mol H 2 ), or NH 3 B 3 H 7 (18.9 kcal/mol H 2 ) 3a . The less exothermic nature favors NH 4 B 3 H 8 over the other candidates from the standpoint of heat management and system design.
As in the cases of NaBH 4 , NH 3 BH 3 and NH 3 B 3 H 7 , the formation of borates may affect the performance of the catalysts if the borate precipitates cover the active sites. It should be noted that the removal and transportability of the borates depend on the starting materials and reaction conditions, 25 and thus can be improved accordingly. Regeneration of these compounds from the borates has been challenging, but progress has been made in the regeneration of spent fuel back into NH 3 BH 3 .
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The final utility of NH 4 B 3 H 8 as a chemical hydrogen storage material will also hinge on the development of an efficient "off-board" regeneration of NH 4 B 3 H 8 .
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